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ABSTRACT 
Malaria is caused by a small protozoan, Plasrnodiut?~ fulciparum, which infects 
the Red Blood Cells (RBCs) in humans. There are an estimated 300-500 milIion cases 
of' malarial infection per year causing about 1 million deaths. The emergence and 
spread of resistance to antimalarial drugs has highlighted the need for the discovery of 
potential antimalarial chemotherapeutic targets, which include various metabolic 
pathways. The present study focuses on two of these targets, namely, glycolysis and 
salvage pathway of purine nucleotides. 
The material presented in the thesis is divided into seven chapters focusing on 
various aspects of the work. Brief summaries of each of these chapters are presented in 
the following paragraphs. 
Plasmodium parasites depend totally on the glycolytic pathway for their energy 
requirements. All the enzymes of this pathway might have the potential as antimalarial 
targets. In particular, Triosephosphate Isomerase (TIM), a key glycolytic enzyme, has 
been found to be a suitable target enzyme because of the notable differences in the 
sequence and structural features between the host and parasite enzymes. The 
homodimeric enzyme catalyzes the chemically simple isomerization of 
dihydroxyacetone phosphate and glyceraldehyde-3-phosphate. TIM is the prototype of 
eight-stranded Pla barrel proteins. Individual P-strands are connected at their carboxy 
end to a-helices by loops that are functionally important. Loop3 (residues 65-79) plays 
a major role in stabilizing the dimeric structure of the enzyme. It protrudes from one 
subunit and docks itself into the active site of the other subunit. The catalytic function 
of TIM involves an 8A movement of a loop, the catalytic loop6, (residues 166-176) 
which closes over the active site upon ligand binding, thereby shielding the active site 
from the solvent. In most TIMs, loop6 adopts an open state in the absence of ligands 
and a closed state upon ligand binding. The propensity of the catalytic loop to adopt 
open or closed states seems to be very different in Plasmodium falciparum TIM 
(PRIM) when compared to the other TIMs. The first section of the thesis (Chapters 3- 
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5) encompasses the work carried out to understand the functional roles of loop3 and 
loop6 of PfTIM through structural studies on specific mutants of these loops. 
All the experimental and computational methods used are described as a 
separate chapter (Chapter 2) as most of these apply to all structure determinations and 
analyses. Crystallization experiments were carried out using the hanging drop vapour 
diffusion technique in all cases except PfAdSS, which was crystallized using micro 
batch technique under a layer of oil. X-ray intensity data were collected on a MAR 
Research imaging plate mounted on a Rigaku RU200 X-ray generator, except for one 
data set that was collected using synchrotron radiation. The data were processed using 
DENZO and SCALEPACK of the HKL suite of programs. The molecular replacement 
program AMoRe was used for structure solutions. Structure refinements were carried 
out using the CNS software package. The 1.1 A structure of PRIM complexed to 2- 
phosphoglycerate (2PG) was refined using SHELX-97. Model building was done using 
the molecular graphics programs 0 and FRODO. PROCHECK was used for the 
validation of the refined structures. INSIGHT 11, HBPLUS, CONTACT from CCP4, 
NACCESS and ALIGN were used for the analyses of the refined structures. 
The enzymatic reaction of TIM is controlled by the movement of a loop (loop6, 
residues 166 to 176). In contrast to other TIMs, structures with loop open conformation 
are obtained in most of the complexes of PfT'IM. W168 is a conserved N-terminal hinge 
residue, involved in different sets of interactions in the "open" and "closed" forms of 
loop6. In the present studies, the role of W168 in determining the loop conformation 
was examined (Chapter 3) by structural studies on the mutant W168F and its 
complexes with ligands. The three-dimensional structures of the unliganded mutant (1.8 
A) and its complexes with sulfate (2.5 A) and glycerol-2-phosphate (G2P) (2.5 A) have 
been determined. Loop6 was found disordered in these structures reflecting the 
importance of W168 in stabilizing either the open or the closed states. Critical sequence 
differences between the plasmodium enzyme and other TINS may influence the 
equilibrium between the closed and open forms. Examination of the environment of the 
loop6 shows that its propensity for the "open" or the "closed" forms is influenced not 
only by Phe96, as suggested earlier based on the structure of the PfTIM-PG complex, 
but also by Asn233, which occurs in the vicinity of the active site. This residue is Gly 
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in the other TIM sequences and probably plays a crucial role in the mode of ligand 
binding, which in turn affects the loop openinglclosing process in PfTIM. 
Except for TIMs from thermophilic organisms, which are tetramers, all TIMs 
are dimers. Loops 1-4 contribute to the dimer interface of TIM. Loop3 (also called the 
interface loop) plays a major role in the dimerization of the protein. The importance of 
an aromatic residue at position 74 in P R I M  has been demonstrated through inhibition 
studies with peptides that mimic loop3. In the present work (Chapter 4), the bulky 
aromatic residue, Tyr74, of loop3 of PfTIM, has been replaced by a smaller residue, 
Gly, in order to elucidate how the mutation affects the enzyme's stability and activity. 
The structure of the Y74G mutant of PfTIM has been determined to 2.5A resolution. 
The cavity creating mutation has indeed resulted in a cavity at the interface, which 
increases the flexibility of loop3. This in turn leads to the loss of crucial inter-subunit 
interactions, many of which involve the catalytic residues. This substantially weakens 
the association of the subunits, which might lead to the dissociation of the dimeric 
protein, as has been observed in solution studies. The flexibility of the loop affects the 
stability and activity of the enzyme. 
The precise mechanism of the multi-step reaction catalyzed by TIM is still 
under active discussion. To enlighten on various aspects of this, it is essential to have a 
pool of atomic or near atomic-resolution structures of the enzyme complexed with 
substrates and transition state analogues. The crystal structure of P R I M  complexed to 
the inhibitor 2PG has been determined at 1.1A resolution (Chapter 5). The inhibitor 
bound to one of the subunits, in which the flexible catalytic loop6 is in the "open" 
conformation, has been cleaved into two fragments, presumably due to radiation 
damage. The cleavage products have been tentatively identified as 2-oxoglycerate and 
meta-phosphate. The meta-phosphate ion at the active site observed in the present case 
is the first report on radiation-induced cleavage of a phosphate bond leading to an 
unstable anion. The observation of dual conformation of the bound ligand correlates 
with the observed dual conformation of loop6. The active-site geometry in the present 
case has been compared in detail with those in the Saccharomyces. cereviseae TIM- 
DHAP and Leishmania mexicana TIM-PGA complexes, which have also been 
determined at atomic resolution. Although 2PG is neither a substrate nor a transition 
Abstract 
state analogue, the identification of a short, strong hydrogen bond between the ligand 
and the catalytic base Glu165 and other interactions at the active site resemble those in 
the high-resolution structures of other TIM complexes and support the proposed 
importance of substrate placed at suboptimal position and strong interactions with the 
intermediate as essential features of TIM catalysis. 
This part of the thesis concludes with some thoughts on further extension of the 
work 011 PRIM. 
As an enzyme found ubiquitously in all cells except the red blood cells, 
Adenylosuccinate Synthetase (AdSS), a purine salvage pathway enzyme, gains 
importance in Plasnzodiu~~z for both its structural and biochemical characterization 
(Chapter 6 ) .  The parasite relies only on the salvage pathway for its purine nucleotide 
requirements. Therefore, this enzyme appears to be a potential target for antimalarial 
chen~otherapy. Furthermore, study on AdSS is important in the aspects of chemical 
catalysis in a central reaction involving three substrates, guanine-triphosphate, inosine- 
monophosphate and L-aspartate. Known inhibitors of AdSS that are analogues of L- 
aspartate are hadacidin and L-alanosine. As an anti-tumor agent, hadacidin has potential 
pharmacological value and selectively inhibits AdSS. 
The present work initiated the structural study on the PfAdSS enzyme (Chapter 7). 
The crystal structure of PfAdSS complexed to 6-phosphoryl IMP, GDP, M ~ "  and the 
aspartate analogue, hadacidin has been determined at 2A resolution. The overall 
architecture of PFAdSS is similar to the known structures from E. coli, mouse and 
plants. Differences in substrate interactions seen in this structure provide a plausible 
explanation for the kinetic differences between PfAdSS and the corresponding enzyme 
from other species. Additional hydrogen bonding interactions of the protein with GDP 
may account for the ordered binding of substrates to the enzyme. The dimer interface of 
PfAdSS is also different with a pronounced excess of positively charged residues. 
Differences highlighted here provide a basis for the design of species specific inhibitors 
OF the enzyme. 
This part of the thesis concludes with future prospects of the work on PfAdSS. 
Apart the work presented in the above chapters, modeling studies were 
performed on Calreticulin, a molecular chaperone in the endoplasmic reticulum in 
eukaryotes. The structure of calreticulin was modeled based upon the crystal structure 
of Calnexin, a homologous protein. Various mono and oligo saccharides were docked 
into the binding site of calreticulin and the protein-ligand interactions were studied. 
This work is presented as an Appendix. 
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